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Abstract 
The objective of this paper is studying the flexural behaviour of cold formed Latticed built-up I –section with lipped 
angle by adopting various shapes of stiffeners such as channel, Tee and L section. Totally eight specimens were 
analytically (Nonlinear) analysed by changing thickness, various shape of stiffeners and the span of the specimen. 
All specimens were numerically analysed under two point loading with simply supported condition using finite 
element analysis (ABAQUS software). Within the parametric study the effect of various stiffeners, thickness and the 
span of the specimen the flexural strength capacity is discussed and presented. 
 
Keywords: Built-up I section, Cold-Form Steel, ABAQUS, Lacing, Flexural Strength, Two point loading, Effect of 
stiffeners. 
 
 
1. INTRODUCTION 
Cold-formed steel (CFS) is the material made by 
rolling or pressing thin gauges of sheet steel. Cold 
formed steel is created by the working of sheet steel 
using stamping, rolling, or presses to deform the 
sheet into a usable product. Cold worked steel 
products are commonly used in all areas of 
manufacturing of durable goods like appliances or 
automobiles, but the phrase cold form steel is most 
prevalently used to describe construction materials. 
The use of cold-formed steel construction materials  
 
has become more and more popular since the 
introduction of codified standards in 1946. In the 
construction industry, both structural and non-
structural elements are created from thin gauges of 
sheet steel such as columns, beams, joists, studs, 
floor decking, built-up sections and other 
components. 
In this investigation a total of eight specimens were 
analysed using ABAQUS to obtain the various mode 
shape and ultimate load carrying capacity of the 
specimens. The specimens were tested under two 
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point loading for its pure flexural behaviour. In built-
up I Section the thinner web leads to stiffener failure. 
To overcome this failure the stiffener has to be strong 
enough to withstand the ultimate load. In this paper 
the various shapes of stiffener such as Angle, 
Channel, and Tee section were used to overcome the 
stiffener failure. 
2.  NUMERICAL ANALYSIS 
The basic concept behind the finite element analysis 
is that structure having infinite degrees of freedom to 
finite degrees of freedom. For the finite element 
analysis software ABAQUS was used .One end of the 
specimen was constrained in X, Y and Z directions 
and the other end of the specimen was constrained X 
and Y direction. The load was applied along 
transverse lines of the upper surface of the top flange 
above the stiffeners. The type of element chosen for 
finite element model idealization plays an important 
role in the prediction of the actual behavior of the 
structure. 
2.1 Material Properties 
The value of Young’s modulus E is given as 2x105 
N/mm2.The Poisson’s ratio was given as 0.3. The 
yield stress for cold formed steel used was 235 MPa. 
The yield stress for lacing used was 300 MPa. The 
density of the material was given as 78.5x10-6 
N/mm3. 
2.2 Modelling 
The material properties were included while creating 
a section. In this the thickness had been assigned to 
the section. For modelling of angle section and lacing 
the different materials had been used and different 
thickness values added. 
2.3 Assembly 
The various parts created in the first step were 
assembled into Built-up I section using four numbers 
of Cold Formed angles with lip in the flange alone. 
Out of four angles two are provided in the top flange 
and two at the bottom flange which act as the main 
chords of the member. These main chords are held in 
position by using a secondary member of 10mm 
diameter bar bent in the form of sinusoidal wave 
form at an angle 45°. The stiffeners were used as web 
and placed at one third from the support. The 
assembly of the Built-up I section with lipped angle 
as shown in figure 1. 
 
Figure: 1 3D view of Built-up I section 
2.4 Element Type And Mesh 
The mesh size of approximately of 5 x 5 mm (length 
by the width) was used in this study and was selected 
based on the convergence study. All cold-formed 
steel beams, the angle and stiffener were modelled by 
using (S4R) and solid elements (C3D4) for the 
lacing.  
2.5  Linear Analysis And Nonlinear Analysis 
Linear analysis was used to determine the possible 
buckling modes of failure. In non-linear analysis the 
static - Riks (It includes the non-linear effects of 
large displacements and affects subsequent steps) 
was used 
2.6 Constraint 
A built up I section consists of various parts such as 
angle, lacing and stiffener. The constraint was used to 
connect the different parts into a single specimen. 
The connection was given between angle and lacing, 
angle and stiffener are shown in figure 2. 
 
Figure: 2 Constraint 
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2.7 Specimen Details 
The section used for numerical analysis was Built-up 
I section which consisted of angle section, stiffener 
and lacing. The thickness adopted for angle section 
was 1.2 and 2, the thickness used for stiffener was 3 
mm and 10 mm thickness solid bar was used as 
lacing to connect four angles. The following 
specimens were adopted for numerical analysis. In 
this both linear and nonlinear analysis was performed 
to determine various mode shapes and the ultimate 
load carrying capacity. Two point load was applied at 
one third distance from the support. The stiffener was 
placed at one third distance where the load was 
applied and also provided at the supports. The 
Schematic view of the section was shown in figure 3. 
Specimen details and stiffener details are presented in 
table 2.1 and 2.2 respectively. 
 
Figure: 3 Schematic view 
Specimen 
Overall 
Depth 
(mm) 
Thickness 
(mm) 
Span 
c\c 
(mm) 
Size 
of 
lacing 
(mm) 
50x50x1.2x200x1600 200 1.2 1600 10 
50x50x1.2x200x1600 200 1.2 1600 10 
50x50x1.2x200x1600 200 1.2 1600 10 
50x50x2x200x1600 200 2.0 1600 10 
50x50x2x200x1600 200 2.0 1600 10 
50x50x2x200x1600 200 2.0 1600 10 
50x50x1.2x200x2000 200 1.2 2000 10 
50x50x2x200x2000 200 2.0 2000 10 
 
Table: 1 Specimen details 
 
Specimen Type of stiffener 
50x50x1.2x200x1600 Channel 
50x50x1.2x200x1600 Tee 
50x50x1.2x200x1600 Angle 
50x50x2x200x1600 Channel 
50x50x2x200x1600 Tee 
50x50x2x200x1600 Angle 
50x50x1.2x200x2000 Angle 
50x50x2x200x2000 Channel 
 
Table: 2 Stiffener details 
2.8 Applying Boundary Condition And Load 
One end of the specimen was constrained in X, Y and 
Z directions and the other end of the specimen was 
constrained in X and Y direction as shown in figure 4 
and figure 5 respectively. The pressure was applied 
along transverse lines of the upper surface of the top 
flange above the stiffeners. 
 
Figure: 4 Constrained in X, Y& Z direction 
 
 
Figure: 5 Constrained in X, Y direction 
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3. NUMERICAL RESULTS 
The Non-linear analysis had been carried out using 
ABAQUS. Failure mode shapes for all specimens are 
shown from Figure 6 to Figure 13 
 
Figure: 6 50 x 50x 1.2 x2 00 x 1600 (Channel) 
 
Figure: 7 50 x 50x 1.2 x 200 x 1600 (Angle 
stiffener) 
 
Figure: 8 50 x 50 x 1.2 x 200 x 1600 (Tee stiffener) 
 
 
Figure: 9 50 x 50 x 2 x 200 x 1600 (Channel) 
 
 
Figure: 10 50 x 50 x 2 x 200 x 1600 (Angle 
stiffener) 
 
Figure: 11 6 50 x 50 x 2 x 200 x 1600 (Tee stiffener) 
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Figure: 12 50 x 50 x 1.2 x 200 x 2000 (Angle 
stiffener) 
 
Figure: 13 50 x 50 x 2 x 200 x 2000 (Channel 
stiffener) 
4. LOAD Vs DEFLECTION CURVE 
Load Vs Deflection curve for various shape of 
stiffeners had been compared were shown from 
figure 14 to figure 17. 
 
Figure: 14 1.2 mm thickness 
 
 
Figure Figure: 15 2mm thickness 
 
 
Figure: 16 1.2mm thickness (Angle) 
 
 
Figure: 17 2mm thickness (Channel) 
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5. ULTIMATE LOAD CARRYING 
CAPACITY  
Numerical test results are prescribed in Table 5.1 
F- Flexural failure 
Table: 3 Numerical test results 
6. RESULT AND DISCUSSION 
From the results, it is found that the channel shape of 
stiffeners increases the moment carrying capacity of 
the Built-up I beam compared to other two stiffeners.  
Flexural mode of failure takes place in all the 
specimens. The stiffeners placed at the end of the 
beam bear more stress compared to that of 
intermediate stiffeners. 
It was observed that the lacing and angle failure takes 
place within the one third distance of the span from 
the support only and in bending zone there is no 
angle, stiffener and lacing failure. 
7. CONCLUSION 
From the investigation, the following conclusions 
were made, 
 The modeling of Build-up I section with 
lipped angles has been done under two point 
loading condition using ABAQUS. 
 The linear and non-linear analysis has been 
studied for Built-up I Section with lipped 
angles and various mode shapes and 
behaviour has been obtained. 
 Shape of stiffener affects the flexural 
capacity of the Built-up I section with lipped 
angle. 
 The lacing failure takes place due to shear 
under two point loading condition; hence it 
is necessary to strengthen the lacing. 
 The channel shape of stiffener used in built-
up I section which stiffens the specimen 
more effectively when compared to that of 
Tee and angle shape of stiffeners. 
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